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ABSTRACT
We calculate the Yukawa corrections of order O(αewm2t(b)/m2W ), O(αewm3t(b)/m3W )
and O(αewm4t(b)/m4W ) to the widths of the decays t˜2 → t˜1+(h0, H0, A0) in the Min-
imal Supersymmetric Standard Model, and perform a detailed numerical analysis.
We also compare the results with the ones presented in an earlier literature, where
the O(αs) SUSY-QCD corrections to the same three decay processes have been cal-
culated. Our numerical results show that for the decays t˜2 → t˜1+h0 , t˜2 → t˜1+H0,
the Yukawa corrections are significant in most of the parameter range, which can
reach a few ten percent, and for the decay t˜2 → t˜1+A0, the Yukawa corrections are
relatively smaller, which are only a few percent. The numerical calculations also
show that using the running quark masses and the running trilinear coupling At
, which include the QCD, SUSY-QCD, SUSY-Electroweak effects and resume all
high order (tan β)-enhanced effects, can vastly improve the convergence of the per-
turbation expansion. We also discuss the effects of the running of the higgsino mass
parameter µ on the corrections, and find that they are significant, too, especially
for large tanβ.
PACS number(s): 14.80.Cp; 14.80.Ly; 12.38.Bx
1 Introduction
Incorporation of supersymmetry is one of the most attractive and promising pos-
sibilities for new physics beyond the Standard Model (SM)[1, 2], and the Minimal
Supersymmetric Standard Model (MSSM) is a popular candidate for new physics in
this way. In the MSSM there are many new particles. For example, every quark has
two spin zero partners called squarks q˜L and q˜R, one for each chirality eigenstate,
which mix to form the mass eigenstates q˜1 and q˜2. For the third generation quarks,
due to large Yukawa couplings, there may be large mass differences between the lighter
mass eigenstate and the heavier one, which implies in general a very complex decay
pattern of the heavier state.
As we know, the next generation of colliders, such as the Large Hadron Collider
(LHC), the upgraded Tevatron, e+e− linear colliders, and µ+µ− collider will push the
discovery reach for supersymmetric (SUSY) paticles with masses up to 2.5 TeV[3, 4]
and allow for precise measurement of the MSSM parameters. Thus a more accu-
rate calculations of the deacy mechanisms beyond the tree level are necessary. The
dominate decay modes of the heavier squarks are shown as below:
t˜i → tx˜0k, bx˜+k ; b˜i → bx˜0k, tx˜+k ; t˜i → tg˜; b˜i → bg˜;
t˜2 → t˜1Z0; t˜i → b˜jW+; b˜2 → b˜1Z0; b˜i → t˜jW−;
b˜i → t˜jH−; t˜i → b˜jH+; t˜2 → t˜1(h0, H0, A0).
All these squark decays have been extensively discussed at the tree-level[5, 6, 7].
Up to now, one-loop QCD and supersymmetric (SUSY) QCD corrections to above
decay channels have been calculated too [6, 8, 9], while the Yukawa corrections and
the full electroweak one-loop radiative corrections to the squark decays into quarks
plus charginos/neutralinos were given in Ref.[10] and Ref.[11], respectively. Also
the Yukawa corrections to the squark decays into quarks plus gluinos were given in
Refs.[12, 13], and the Yukawa corrections to the heavier squark decays into lighter
squarks plus vetor bosons were given in Ref.[14]. Recently, the Yukawa corrections
to the bottom squark decays into lighter top squarks plus charged Higgs bosons has
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been presented in Ref.[15]. So only the electroweak radiative corrections to the heavier
top squark decays into lighter top squarks plus neutral Higgs bosons have not been
calculated yet, including the Yukawa corrections to these processes.
In this paper, we present the calculations of the Yukawa corrections of order
O(αewm2t(b)/m2W ), O(αewm3t(b)/m3W ), and O(αewm4t(b)/m4W ) to the widths of the heav-
ier top squark decays into lighter top squarks plus neutral Higgs bosons, i.e.the de-
cays t˜2 → t˜1 + (h0, H0, A0). These corrections are mainly induced by the Yukawa
couplings from Higgs-quark-quark couplings, Higgs-squark-squark couplings, Higgs-
Higgs-squark-squark couplings, chargino(neutralino)-quark-squark couplings, and squark-
squark-squark-squark couplings. As shown in Ref.[16], the Higgs-Squark-Squark cou-
plings receive large radiative corrections, which can make the perturbation calculation
of the relevant Squark or Higgs boson decay widths quite unreliable in some region
of the parameter space. When the correction term is negative, the corrected width
can even become negative, which clearly makes no sense. In order to solve this prob-
lem, we use the running quark masses and the running trilinear coupling At [16], and
vastly improve the convergence of the perturbation expansion. We also discuss the
effects of the running of the higgsino mass parameter µ on the corrections, and find
that they are significant, too, especially for large tan β.
2 Notation and tree-level result
In order to make this paper self-contained, we first summarize our notation and
present the relevant interaction Lagrangians of the MSSM and the tree-level decay
rates for t˜2 → t˜1 + (h0, H0, A0).
The current eigenstates q˜L and q˜R are related to the mass eigenstates q˜1 and q˜2 by(
q˜1
q˜2
)
= Rq˜
(
q˜L
q˜R
)
, Rq˜ =
(
cos θq˜ sin θq˜
− sin θq˜ cos θq˜
)
(1)
with 0 ≤ θq˜ < π by convention. Correspondingly, the mass eigenvalues mq˜1 and mq˜2
(with mq˜1 ≤ mq˜2) are given by(
m2q˜1 0
0 m2q˜2
)
= Rq˜M2q˜ (R
q˜)†, M2q˜ =
(
m2q˜L aqmq
aqmq m
2
q˜R
)
(2)
2
with
m2q˜L = M
2
Q˜ +m
2
q +m
2
Z cos 2β(I
q
3L − eq sin2 θW ), (3)
m2q˜R = M
2
{U˜ ,D˜} +m
2
q +m
2
Z cos 2βeq sin
2 θW , (4)
aq = Aq − µ{cotβ, tanβ} (5)
for {up, down} type squarks. Here M2q˜ is the squark mass matrix. MQ˜,U˜,D˜ and At,b
are soft SUSY-breaking parameters and µ is the higgsino mass parameter . Iq3L and
eq are the third component of the weak isospin and the electric charge of the quark
q, respectively.
Defining Hk = (h
0, H0, A0, G0, H±, G±) (k=1,...,6), one can write the relevant
lagrangian density in the (q˜1, q˜2) basis as following form (i, j=1,2; α and β are flavor
indices):
Lrelevant = Hkq¯β(aαkPL + bαkPR)qα + (Gα˜k )ijHkq˜β∗j q˜αi + gq¯(aq˜ikPR + bq˜ik)χ˜0kq˜i
+gt¯(lb˜ikPR + k
b˜
ikPL)χ˜
+
k b˜i + gb¯(l
t˜
ikPR + k
t˜
ikPL)χ˜
+c
k t˜i
+(Gα˜lk)ijHlHkq˜
β∗
j q˜
α
i + h.c., (6)
with
(Gα˜lk)ij = [R
α˜Gˆα˜lk(R
β˜)T ]ij (l, k = 1, ..., 6) (7)
(Gα˜k )ij = [R
α˜Gˆα˜k (R
β˜)T ]ij (k = 1, ..., 6) (8)
where Gˆα˜k and Gˆ
α˜
lk are the couplings in the (q˜L, q˜R) basis , and their explicit forms are
shown in Appendix A. The notations aαk , b
α
k (k=1,...,6), and a
q˜
ik, b
q˜
ik (k=1,...,4), and
lq˜ik, k
q˜
ik (k=1,2) used in Eq.(6) are defined also in Appendix A.
The tree-level amplitudes of the three decay processes, as shown in Fig.1(a), are
given by
M
(0)
1 = i[R
t˜

 −
√
2mtht cosα +
gmz sin(α+β)
cW
CtL
−ht√
2
(At cosα + µ sinα)
−ht√
2
(At cosα + µ sinα) −
√
2mtht cosα +
gmz sin(α+β)
cW
CtR

 (Rt˜)T ]21 (9)
3
for t˜2 → t˜1h0,
M
(0)
2 = i[R
t˜

 −
√
2mtht sinα− gmz cos(α+β)cW CtL −ht√2 (At sinα− µ cosα)
−ht√
2
(At sinα− µ cosα) −
√
2mtht sinα− gmz cos(α+β)cW CtR

 (Rt˜)T ]21(10)
for t˜2 → t˜1H0, and
M
(0)
3 =
gmt
2mW
[Rt˜
(
0 At cot β + µ
−At cot β − µ 0
)
(Rt˜)T ]21 (11)
for t˜2 → t˜1A0. Here ht = gmt√2mW sinβ , hb =
gmb√
2mW cos β
, CtL = I
t
3L − ets2W , CtR = ets2w,
sW = sin θw, and cw = cos θw. I
t
3L =
1
2
and et =
2
3
for the top squark, Ib3L = −12 and
eb = −13 for the bottom squark. The tree-level decay width is thus given by
Γ(0)s =
|M (0)s |2λ1/2(m2t˜2 , m2t˜1 , m2H0s )
16πm3
t˜2
, (12)
where λ(x, y, z) = (x − y − z)2 − 4yz and s=(1,2,3) corresponds to the decay into
(h0, H0, A0), respectively.
3 Yukawa corrections
The Feynman diagrams contributing to the Yukawa corrections to t˜2 → t˜1H0i are
shown in Figs.1(b)–(f) and Fig.2. We carried out the calculation in the t’Hooft-
Feynman gauge and used the dimensional reduction, which preserves supersymmetry,
for regularization of the ultraviolet divergences in the virtual loop corrections using
the on-mass-shell renormalization scheme[17], in which the fine-structure constant
αew and physical masses are chosen to be the renormalized parameters, and finite
parts of the counterterms are fixed by the renormalization conditions. The coupling
constant g is related to the input parameters e, mW and mZ via g
2 = e2/s2w and
s2w = 1 −m2W/m2Z . As for the renormalization of the parameters in the Higgs sector
and the squark sector, it will be described in detail below.
The relevant renormalization constants are defined as
m2W0 = m
2
W + δm
2
W , m
2
Z0 = m
2
Z + δm
2
Z ,
4
mq0 = mq + δmq, m
2
q˜i0
= m2q˜i + δm
2
q˜i
,
Aq0 = Aq + δAq, µ0 = µ+ δµ,
θq˜0 = θq˜ + δθq˜, tan β0 = (1 + δZβ) tanβ,
sinα0 = (1 + δZα) sinα,
q˜i0 = (1 + δZ
q˜
i )
1/2 + δZ q˜ij q˜j ,
H00 = (1 + δZH0)
1/2H0 + δZH0h0h
0,
h00 = (1 + δZh0)
1/2h0 + δZh0H0H
0,
G−0 = (1 + δZG−)
1/2G− + δZGHH−,
A00 = (1 + δZA0)
1/2A0 (13)
with q = t, b. Here we introduce the mixing of H− and G−[18].
Taking into account the Yukawa corrections, the renormalized amplitude for t˜2 →
t˜1H
0
s is given by
M rens =M
(0)
s + δM
(v)
s + δM
(c)
s , (14)
where δM (v)s and δM
(c)
s are the vertex corrections and the counterterms, respectively.
The calculations of the vertex corrections from Fig.1(b)-1(f) result in
δM
(v)
s=1,2,3 =
i
16π2
6∑
k=1
∑
j
(Gt˜sk)2j(G
q˜
k)j1B0(m
2
t˜1
, mH0
k
, mq˜j)
− i
16π2
6∑
k=1
∑
ij
(Gt˜s)ij(G
t˜
k)2i(G
q˜
k)j1C0(pt˜1 , pH0s , mH0k , mq˜j , mq˜i)
+
i
16π2
6∑
k=1
∑
j
(Gt˜sk)j1(G
q˜
k)2jB0(m
2
t˜2
, mH0
k
, mq˜j)
− i
16π2
∑
ij
sin θt˜ cos θt˜(h
2
tR
b˜
i1R
b˜
j1 − h2bRb˜i2Rb˜j2)(Gb˜s)ijB0(m2H0s , mb˜j , mb˜i)
− ih
2
t
16π2
{ [3(sin4 θt˜ + cos4 θt˜)− 2 sin2 θt˜ cos2 θt˜](Gt˜s)21B0(m2H0s , mt˜1 , mt˜2)
−8 sin2 θt˜ cos2 θt˜(Gt˜s)12B0(m2H0s , mt˜2 , mt˜1)
+4 sin θt˜ cos θt˜ cos 2θt˜(G
t˜
s)11B0(m
2
H0s
, mt˜1 , mt˜1)
−4 sin θt˜ cos θt˜ cos 2θt˜(Gt˜s)22B0(m2H0s , mt˜2 , mt˜2) }
+Fχs. (15)
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where Fχs is the remains, which are given by
Fχs = −
ig2ht cos(α− (s− 1)pi2 )
16
√
2π2
∑
i
{ [2(at˜2iat˜1i
∗
+ bt˜2ib
t˜
1i
∗
)mt][(2m
2
t˜1
+ pt˜1pH0s )C11
+(2pt˜1pH0s +m
2
H0s
)C12 + 2m
2
t˜1
C21 + 2m
2
H0s
C22 + 4pt˜1pH0sC23 + 8C24]
+[2(at˜2ib
t˜
1i
∗
+ bt˜2ia
t˜
1i
∗
)mχ˜0
i
][(2m2t˜1 + pt˜1pH0s )C11 + (2pt˜1pH0s +m
2
H0s
)C12
+(m2t˜1C21 +m
2
H0s
C22 + 2pt˜1pH0sC23 + 4C24 + (m
2
t˜1
+ pt˜1pH0s )C0 +m
2
tC0]
}(pt˜1, pH0s , mχ˜0i , mt, mt)
+
ig2hb sin(α− (s− 1)pi2 )
16
√
2π2
∑
i
{ [2(lt˜2ilt˜1i
∗
+ kt˜2ik
t˜
1i
∗
)mb][(2m
2
t˜1
+ pt˜1pH0s )C11
+(2pt˜1pH0s +m
2
H0s
)C12 + 2m
2
t˜1
C21 + 2m
2
H0s
C22 + 4pt˜1pH0sC23 + 8C24]
+[2(lt˜2ik
t˜
1i
∗
+ kt˜2il
t˜
1i
∗
)mχ˜−
i
][(2m2t˜1 + pt˜1pH0s )C11 + (2pt˜1pH0s +m
2
H0s
)C12
+(m2t˜1C21 +m
2
H0s
C22 + 2pt˜1pH0sC23 + 4C24 + (m
2
t˜1
+ pt˜1pH0s )C0 +m
2
bC0]
}(pt˜1, pH0s , mχ˜−i , mb, mb) (16)
for s=(1,2), and
Fχ3 = −g
3mt cot β
32π2mW
∑
i
{ [2(at˜2iat˜1i
∗ − bt˜2ibt˜1i
∗
)mt](m
2
A0C12 + pt˜1pA0C11)
+[2(at˜2ib
t˜
1i
∗ − bt˜2iat˜1i
∗
)mχ˜0
i
][(2m2t˜1 + pt˜1pA0)C11 + (2pt˜1pA0 +m
2
A0)C12
+m2t˜1C21 +m
2
A0C22 + 2pt˜1pA0C23 + 4C24 + (p
2
t˜1
+ pt˜1pA0)C0 −m2tC0]
}(pt˜1 , pA0, mχ˜0i , mt, mt)
−ig
3mb tanβ
32π2mW
∑
i
{ [2(lt˜2ilt˜1i
∗ − kt˜2ikt˜1i
∗
)mb](m
2
A0C12 + pt˜1pA0C11)
+[2(lt˜2ik
t˜
1i
∗ − kt˜2ilt˜1i
∗
)mχ˜−
i
][(2m2t˜1 + pt˜1pA0)C11 + (2pt˜1pA0 +m
2
A0)C12
+m2t˜1C21 +m
2
A0C22 + 2pt˜1pA0C23 + 4C24 + (p
2
t˜1
+ pt˜1pA0)C0 −m2bC0]
}(pt˜1 , pA0, mχ˜−i , mb, mb) (17)
for s=3. In above expressions B0 andCi(j) are two- and three-point Feynman integrals[20],
respectively. For q = t, we have k = 1...4. For q = b, we have k = 5, 6.
The counterterms can be expressed as
δM
(c)
1 = i(G
t˜
1)21[
1
2
(δZ1 + δZ2 + δZh0)− 2 tan 2θt˜δθt˜ +
δg
g
− δm
2
W
2m2W
− cos2 βδβ]
6
−igmtAt cosα
2mW sin β
cos 2θt˜[
Atδmt +mtδAt
mtAt
+ tan2 αδZα]
−igmtµ sinα
2mW sin β
cos 2θt˜[
δµ
µ
+
δmt
mt
− δZα]
+i(Gt˜1)11δZ12 + i(G
t˜
1)22δZ21 + i(G
t˜
2)21δZH0h0 , (18)
δM
(c)
2 = i(G
t˜
2)21[
1
2
(δZ1 + δZ2 + δZH0)− 2 tan 2θt˜δθt˜ +
δg
g
− δm
2
W
2m2W
− cos2 βδβ]
−igmtAt sinα
2mW sin β
cos 2θt˜[
Atδmt +mtδAt
mtAt
+ δZα]
+i
gµmt cosα
2mW sin β
cos 2θt˜[
δµ
µ
+
δmt
mt
− tan2 αδZα]
+i(Gt˜2)11δZ12 + i(G
t˜
2)22δZ21 + i(G
t˜
1)21δZh0H0 , (19)
δM
(c)
3 = i(G
t˜
3)21[
1
2
(δZ1 + δZ2 + δZA0) +
δg
g
− δm
2
W
2m2W
]
−gmtAt cosα
2mW
cotβ[
δ(mtAt)
mtAt
− δZβ]− gµmt
2mW
[
δµ
µ
+
δmt
mt
]. (20)
Here we consider only the counterterms from the Yukawa couplings, and the explicit
expressions of some renormalization constants calculated from the self-energy dia-
grams in Fig.2 are given in Appendix B. Other renormalization constants are fixed
as follows.
For δZGH , using the approach discussed in the two-Higgs doublet model (2HDM)
in [18], we derived below its expression in the MSSM, where the version of the Higgs
potential is different from one of Ref.[18]. First, the one-loop renormalized two-point
function is given by
iΓGH(p
2) = i(p2 −m2H−)δZHG + ip2δZGH − iTGH + iΣGH(p2), (21)
where TGH is the tadpole function, which is given by
TGH =
g
2mW
[TH2 sin(α− β) + TH1 cos(α− β)]. (22)
Next, from the on-shell renormalization condition, we obtained
δZGH =
1
m2H−
[TGH − ΣGH(m2H−)]. (23)
The explicit expressions of ΣGH and the tadpole counterterms THk (k = 1, 2) are
given in Appendix B.
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For the renormalization of the parameter β, following the analysis of Ref.[19], we
fixed the renormalization constant by the requirement that the on-mass-shell H+τ¯ ντ
coupling remain the same form as in Eq.(3) of Ref.[19] to all orders of perturbation
theory. However, with introducing the mixing of H− and G− instead of H− and W−,
the expression of δZβ is then changed to
δZβ =
1
2
δm2W
m2W
− 1
2
δm2Z
m2Z
+
1
2
δm2Z − δm2W
m2Z −m2W
− 1
2
δZH+ + cotβδZGH . (24)
For the counterterm of squark mixing angle θq˜, using the same renormalized
scheme as Ref.[10], one has
δθq˜ =
Re[Σq˜12(m
2
q˜1) + Σ
q˜
12(m
2
q˜2)]
2(m2q˜1 −m2q˜2)
, (25)
where the explicit expressions of the Σij functions arising from the self-energy dia-
grams due to the Yukawa couplings are given in the Appendix B.
For the renormalization of soft SUSY-breaking parameter Aq, we fixed its coun-
terterm by keeping the tree-level relation of Aq, mq˜i and θq˜ [21], and get the expression
as following:
δAq =
m2q˜1 −m2q˜2
2mq
(2 cos 2θq˜δθq˜ − sin 2θq˜ δmq
mq
) +
sin 2θq˜
2mq
(δm2q˜1 − δm2q˜2)
+{cot β, tanβ}δµ+ δ{cotβ, tanβ}µ. (26)
As for the parameter µ, there are several schemes[11, 22, 23] to fix its counterterm,
and here we use the on-shell renormalization scheme in Ref.[23], which gives
δµ =
2∑
k=1
[mχ˜+
k
(δUk2Vk2 + Uk2δVk2) + δmχ˜+
k
Uk2Vk2], (27)
where (U, V ) are the two 2× 2 matrices diagonalizing the chargino mass matrix, and
their counterterms (δU, δV ) are given by
δU =
1
4
(δZR − δZTR)U, (28)
δV =
1
4
(δZL − δZTL )V. (29)
8
The mass shifts δmχ˜+
k
and the off-diagonal wave function renormalization constants
δZR(L) can be written as
δmχ˜+
k
=
1
2
Re[mχ˜+
k
(ΠLkk(m
2
χ˜+
k
) + ΠRkk(m
2
χ˜+
k
)) + ΠS,Lkk (m
2
χ˜+
k
) + ΠS,Rkk (m
2
χ˜+
k
)], (30)
(δZR)ij =
2
m2
χ˜+
i
−m2
χ˜+
j
Re[ΠRij(m
2
χ˜+
j
)m2χ˜+
j
+ΠLij(m
2
χ˜+
j
)mχ˜+
i
mχ˜+
j
+ΠS,Rij (m
2
χ˜+
j
)mχ˜+
i
+ΠS,Lij (m
2
χ˜+
j
)mχ˜+
j
], (31)
(δZL)ij = (δZR)ij (L↔ R). (32)
The explicit expressions of the chargino self-energy matrices ΠL(R) and ΠS,L(R) are
given in Appendix B.
Finally, the renormalized decay width is then given by
Γs = Γ
(0)
s + δΓ
(v)
s + δΓ
(c)
s (33)
with
δΓ(a)s =
λ1/2(m2
t˜2
, m2
t˜1
, m2H0s )
8πm3
t˜2
Re{M (0)∗s δM (a)s } (a = v, c). (34)
4 Numerical results and conclusion
We now present some numerical results for the Yukawa corrections to the decays
t˜2 → t˜1+(h0, H0, A0). The SM input parameters in our calculations were taken to be
αew(mZ) = 1/128.8, mW = 80.375GeV, mZ = 91.1867GeV[24], mt = 175.6GeV, and
mb = 4.25GeV.
In order to improve the convergence of the perturbation expansion, using the
method presented in Ref.[16], we take into account the QCD and SUSY QCD run-
ning quark masses mˆq(Q)(mˆt(Q), mˆb(Q)) and running trilinear coupling Aˆt in our
calculation(the energy scale Q here is the mass of the heavier top squark i.e. mt˜2). In
the tree-level H0s t˜2t˜1 couplings, we use mˆt(Q) and Aˆt instead of the on-shell parame-
ters. While in the calculation of the one-loop corrections, all parameters are on-shell
except the Yukawa Couplings ht, hb taken as the running quark masses.
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mˆq(Q) are evaluated by the next-to-leading order formula[25, 26]
mˆb(Q) = U6(Q,mt)U5(mt, mb)mb(mb),
mˆt(Q) = U6(Q,mt)mt(mt), (35)
where we have assumed that there are no other colored particles with masses between
scale Q and mt, and mˆb(mb) = 4.25GeV,mˆt(mt) = 175.6GeV[27]. The evolution
factor Uf is
Uf (Q2, Q1) = (
αs(Q2)
αs(Q1)
)d
(f)
[1 +
αs(Q1)− αs(Q2)
4π
J (f)],
d(f) =
12
33− 2f , J
(f) = −8982− 504f + 40f
2
3(33− 2f)2 , (36)
where αs(Q) is given by the solutions of the two-loop renormalization group equations[28].
When Q = 400GeV, the running mass mˆb(Q) ∼ 2.5GeV. In addition, we also im-
proved the perturbation calculations by the following replacement [25, 26]
mˆt(Q) → mˆt(Q)
1 + ∆mt(MSUSY QCD)
, (37)
mˆb(Q) → mˆb(Q)
1 + ∆mb(MSUSY )
, (38)
where
∆mt = −αs
3π
{B1(0, mg˜, mt˜1) +B1(0, mg˜, mt˜2)− sin 2θt(
mg˜
mt
)[B0(0, mg˜, mt˜1)−B0(0, mg˜, mt˜2)]},(39)
∆mb =
2αs
3π
Mg˜µ tanβI(mb˜1, mb˜2 ,Mg˜) +
h2t
16π2
µAt tanβI(mt˜1 , mt˜2 , µ)
− g
2
16π2
µM2 tan β[cos
2 θt˜I(mt˜1 ,M2, µ) + sin
2 θt˜I(mt˜2 ,M2, µ)
+
1
2
cos2 θb˜I(mb˜1 ,M2, µ) +
1
2
sin2 θb˜I(mb˜2 ,M2, µ)] (40)
with
I(a, b, c) =
1
(a2 − b2)(b2 − c2)(a2 − c2)(a
2b2 log
a2
b2
+ b2c2 log
b2
c2
+ c2a2 log
c2
a2
). (41)
The running trilinear couplings Aˆt can be obtained according to the procedure of
the DR renormalization where the UV divergence parameter ∆ = 2/ǫ− γ + log 4π is
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set to be zero [16]. First we compute the running stop masses mˆ2
t˜i
(Q) = mˆ2
t˜i
+δmˆ2
t˜i
and
the running mixing angle of the top squarks θˆt˜(Q) = θˆt˜+ δθˆt˜, where the counterterms
δmˆ2
t˜i
and δθˆt˜ are given by
δmˆ2t˜i = Re[Σ
g˜(g)
ii (m
2
t˜i
) + Σ
t˜(g˜)
ii (m
2
t˜i
) + Σ
t˜(t˜)
ii ],
δθˆt˜ =
1
2
Re{Σt˜12(m2t˜1) + Σt˜12(m2t˜2)}
m2
t˜1
−m2
t˜2
. (42)
Here the explicit expressions of the Σij functions arising from the QCD self-energy
diagrams are given in Ref[26]. Then we can get the running parameter Aˆt from the
formula
mˆtAˆt = (mˆ
2
t˜1
(Q)− mˆ2t˜2(Q)) sin θˆt˜(Q) cos θˆt˜(Q) + mˆtµ cotβ. (43)
The two-loop leading-log relations[29] of the neutral Higgs boson masses and mix-
ing angles in the MSSM were used. For mH+ the tree-level formula was used. Other
MSSM parameters were determined as follows:
(i) For the parameters M1, M2 and µ in the chargino and neutralino matrix, we
takeM2 and µ as the input parameters, and then use the relationM1 = (5/3)(g
′2/g2)M2 ≃
0.5M2[2, 30] to determine M1. The gluino mass mg˜ was related to M2 by mg˜ =
(αs(mg˜)/α2)M2[7].
(ii) For the parameters m2
Q˜,U˜,D˜
and At,b in squark mass matrices, we assumed
MQ˜ = 1.5MU˜ = 1.5MD˜ and At = Ab to simplify the calculations, except for Figs.10-
11, where we assumed MD˜ = 1.12MQ˜ and At = Ab in order to compare with the
SUSY-QCD results in Ref.[8].
Some typical numerical results of the tree-level decay widths and the Yukawa
corrections are given in Figs.3-12.
Figs.3 - 5 show the mt˜1 dependence of the results of the three decay channels,
respectively. Here we take mA0 = 150GeV, µ = M2 = 200GeV, and At = Ab =
600GeV. The leading terms of the tree-level amplitudes M (0)s (s=1,2,3) are given by
M
(0)
1 =
−igmˆt
2mW sin β
(Aˆt cosα + µ sinα) cos 2θt˜ , (44)
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M
(0)
2 =
−igmˆt
2mW sin β
(Aˆt sinα− µ cosα) cos 2θt˜ , (45)
M
(0)
3 =
−gmˆt
2mW
(Aˆt cotβ + µ) . (46)
For mt˜1=100GeV, cos θt˜ ∼ (-0.575, -0.574, -0.574) and cosα ∼ (0.754, 0.953, 1.000)
for tan β = 4, 10, and 30 , respectively, and for mt˜1=560GeV, cos θt˜ ∼ (-0.323, -0.332,
-0.334) and cosα ∼ (0.737, 0.897, 0.992) for tanβ ∼ 4, 10, and 30, respectively. In
the case of i = 2, the two terms in Eq.(45) have opposite signs, and their magnitudes
get close with the increasing tanβ and thus cancel to large extent for large tanβ.
Therefore, the tree-level decay widths have the feature of Γ0(tanβ = 4) > Γ0(tan β =
10) > Γ0(tanβ = 30) in most range of the parameter space, as shown in Fig.4(a).
In the case of i = 1, the two terms in Eq.(44) have the same signs, there are not
cancelling effects between them, so Γ0 is larger than the one of the case of i = 2
for the same values of tan β. In the case of i = 3, the amplitude contains a term
propotional to cot β, so Γ0(tan β = 4) > Γ0(tan β = 10) > Γ0(tanβ = 30). From
Figs.3-5(b), one can see that the relative corrections are sensitive to the value of tanβ.
For tanβ = 4 and 30, the magnitudes of the corrections can exceed 30% and 20% ,
respectively, for the decay into h0 . For tan β = 10, the corrections to the widths of
the three decay channels are smaller than ones either in the case of tanβ = 4 or in the
case of tanβ = 30 . In general, for low tan β the top quark contribution is enhanced
while for high tan β the bottom quark contribution become large, and for medium
tan β, there are not any the enhanced effects from the Yukawa couplings. So the
corrections for tanβ = 4 or 30 are generally larger than those for tan β =10, as shown
in Figs.3-5(b). There are some dips and peaks in Figs.3-5(b), which arise from the
singularities at the threshold points mt˜1 = mχ˜0i +mt and mt˜2 = mb˜2 +mG+(= mW ),
respectively.
Figs.6-8 give the tree-level decay widths and the Yukawa corrections as the func-
tions of mA0 for the three decays. We assumed mt˜1 = 200GeV, µ = M2 = 200GeV
and At = Ab = 1TeV. The features of the tree level decay widths in Figs.6-8(a) are
similar to Figs.3-5(a) , respectively. From Figs.6-8(b) we can see that the relative
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corrections decrease or increase the decay widths depending on tan β. In most range
of the mass of A0, the relative corrections vary from 27% to 33% for the decay into h0,
-6% to 20% for the decay into H0, and -9% to -5% for the decay into A0. There are
many dips and peaks on the curves in Figs.6-8(b), which come from the singularities
at the threshold points. For example, at mA0 = 235GeV in Fig.8(b) , we have the
threshold point mb˜1 = mχ˜04 +mb for tan β = 30.
In Fig.9 we present the tree-level decay widths and the Yukawa corrections as the
functions of µ in the case of t˜2 → t˜1 + H0i , assuming tanβ = 30, mt˜1 = 250GeV,
M2 = 100GeV, At = 250GeV, Ab = −250GeV and mA0 = 150GeV. In most of the
parameter µ range , the relative corrections are about from 12% to 32% for the decay
into h0, and only a few percent for the decay into A0 except near the zero point of
Γ0 . For the decay into H
0, when µ takes certain values (near about -26 GeV), Γ0
gets very small (< 10−4GeV), and the relative corrections near these values do not
have a physical meaning. So we cut off the corrections, since perturbation theory
breaks down here. In order to improve the results, we use the running higgsino mass
parameter µˆ(Q) = µ+δµˆ(Q) in the tree-level coupling, and find that the convergence
of the perturbation expansion becomes better as shown by the dashed line in Fig.9(b),
where the region of the parameter µ of breaking down the perturbation theory gets
smaller (Note that, in fact, the parameter range |µ| < 180 GeV has been excluded
by phenomenology at LEP and Tevatron [16, 31] ). There are many dips and peaks
on the curves in Fig.9(b), which come from the singularities at the threshold points.
For example, at µ = −216 GeV on the solid curve in Fig.9(b) , we have the threshold
point mt˜2 = mχ04 +mt for the decay into H
0.
In Figs.10-11 we compare the results with the ones presented in an earlier literature
[9] where the O(αs) SUSY-QCD corrections to the same three decay processes have
been calculated. We present the tree-level decay widths and the Yukawa corrected
decay widths as the functions of mt˜2 and mA0 in Figs.10 and 11, respectively . For
comparation, we take the same input parameters as in the Ref.[9] : tan β = 3, cos θt˜ =
0.26, mt˜1 = 250GeV, mg˜ = 600GeV, µ = 550GeV in Figs.10-11, and mA0 = 150GeV
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in Fig.10, mt˜2 = 600GeV in Fig.11. In both Figs, we assumed MD˜ = 1.12MQ˜. Our
numerical results of the tree level decay widths agree with their results except a little
difference, which is due to the running effects were used in our calculation but not in
Ref.[9]. The relative corrections in Fig.10 vary from -22% to 26% for the decay into
h0, -60% to -4% for the decay into H0, and -5% to 0% for the decay into A0. The
relative corrections in Fig.11 vary from -1% to 23% for the decay into h0, -24% to 60%
for the decay into H0, -4% to -1% for the decay into A0. After comparing with Figs.3
and 5 in Ref.[9], we can see that the Yukawa corrections are comparable to the O(αs)
SUSY-QCD corrections for the decays into h0 and H0, but smaller than the O(αs)
SUSY-QCD corrections for the decays into A0. There are two dips at mA0 = 348GeV
and 352GeV on the solid curve of the decay into h0 in Fig.11, which come from the
singularities at the threshold points mt˜2 = mt˜1 +mH0 .
Finally, in Fig.12 we show the numerical improvement of the Yukawa corrections
as a function of tan β in five ways of perturbative expansion: (i) the strict on-shell
scheme (the dotted line), where the top quark pole mass 175.6GeV, the bottom quark
pole mass 4.25GeV, the on-shell trilinear coupling At and the higssino mass parameter
µ were used, (ii) the improved scheme (the solid line), in which the QCD, SUSY-
QCD, and SUSY-Electroweak running quark masses mˆq(Q) and the running trilinear
coupling Aˆt(Q) were used, (iii) the complete improved scheme (the dashed line), in
which the SUSY-Electroweak running parameter µ was also used as well as the same
running parameters as in (ii), (iv) the mˆt(Q) running scheme (the dash-dotted
line), in which only the running top quark mass was used, and (v) the mˆb(Q) running
scheme (the dash-dot-dotted line), in which only the running bottom quark mass
was used. Here we assumed mt˜1 = 250GeV, M2 = 200GeV, At = Ab = 900GeV,
µ = 200GeV, mA0 = 150GeV and MQ˜ = 1.5MU˜ = 1.5MD˜. One can see that, the
effect of the running of the top quark mass on the corrections can not be neglected
for low tanβ(< 10), while the effect of the running of the bottom quark mass is quite
significant for large tanβ(> 40) . The whole running effects with or without the
running of the parameter µ both make the convergence of the perturbation expansion
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much better. The relative corrections approach smoothly -5.0% and 14.3% with the
increasing tanβ for the improved scheme and complete improved scheme, as shown
by the solid line and the dashed line in Fig.12, respectively.
In conclusion, we have calculated the Yukawa corrections to the widths of the
heavier top squark decays into lighter top squarks and neutral Higgs bosons in the
MSSM. These corrections depend on the masses of the neutral Higgs bosons and
the lighter or heavier top squark, and the parameter µ. For favorable parameter
values, the corrections decrease or increase the tree-level decay widths significantly.
Especially, for high values of tan β(=30) or low values of tanβ(=4), the magnitudes of
the corrections exceed at least 20% for the decay into h0 andH0, which are comparable
to the O(αs) SUSY-QCD corrections. But for the decay into A0, the corrections are
smaller and the magnitudes of them are less than 10% in most of the parameter
space. The numerical calculations also show that using the running quark masses
and the running trilinear coupling At , which include the QCD, SUSY-QCD, and
SUSY-Electroweak effects and resume all high order (tanβ)-enhanced effects, can
vastly improve the convergence of the perturbation expansion. We also discuss the
effects of the running of the higgsino mass parameter µ on the corrections, and find
that they are significant, too, especially for large tan β.
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Appendix A
The following couplings are given in order O(ht, hb).
1. squark – squark – Higgs boson
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(a) squark – squark – h0
Gˆq˜1 =


−√2mqhq
{
cα
−sα
}
− 1√
2
hq(Aq
{
cα
−sα
}
+ µ
{
sα
−cα
}
)
− 1√
2
hq(Aq
{
cα
−sα
}
+ µ
{
sα
−cα
}
) −√2mqhq
{
cα
−sα
}

(47)
for
{
up
down
}
type squarks, respectively. We use the abbreviations sα = sinα, cα =
cosα. α is the mixing angle in the CP even neutral Higgs boson sector.
(b) squark – squark – H0
Gˆq˜2 =


−√2mqhq
{
sα
cα
}
− 1√
2
hq(Aq
{
sα
cα
}
− µ
{
cα
sα
}
)
− 1√
2
hq(Aq
{
sα
cα
}
− µ
{
cα
sα
}
) −√2mqhq
{
sα
cα
}

 (48)
(c) squark – squark – A0
Gˆq˜3 = i
gmq
2mW


0 −Aq
{
cot β
tanβ
}
− µ
Aq
{
cot β
tanβ
}
+ µ 0

 (49)
(d) squark – squark – G0
Gˆq˜4 = −i
gmq
2mW


0 −Aq + µ
{
cot β
tanβ
}
Aq − µ
{
cot β
tanβ
}
0

 (50)
(e) squark – squark – H±
Gˆb˜5 = (Gˆ
t˜
5)
T =
g√
2mW
(
m2b tanβ +m
2
t cot β mt(At cot β + µ)
mb(Ab tanβ + µ) 2mtmb/ sin 2β
)
(51)
(f) squark – squark – G±
Gˆb˜6 = (Gˆ
t˜
6)
T =
−g√
2mW
(
m2t −m2b mt(At − µ cotβ)
mb(µ tanβ −Ab) 0
)
(52)
2. quark – quark – Higgs boson
aqk = (
1√
2
hq
{ −cα
sα
}
,− 1√
2
hq
{
sα
cα
}
,− i√
2
hq
{
cos β
sin β
}
,
−ig
2mW
{ −mt
mb
}
,
{
hb sin β
ht cos β
}
,
g√
2mW
{ −mb
mt
}
) (53)
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bqk = (
1√
2
hq
{ −cα
sα
}
,− 1√
2
hq
{
sα
cα
}
,− i√
2
hq
{
cos β
sin β
}
,
−ig
2mW
{
mt
−mb
}
,
hq
{
cos β
sin β
}
,
g√
2mW
{
mt
−mb
}
) (54)
3. quark – squark – neutralino
aq˜ik = −Rq˜i2Yq
{
Nk4
Nk3
}
, bq˜ik = −Rq˜i1Yq
{
N∗k4
N∗k3
}
(55)
Here N is the 4 × 4 unitary matrix diagonalizing the neutral gaugino-higgsino mass
matrix [2, 30].
4. quark – squark – chargino
lq˜ik = R
q˜
i2Yq
{
Vk2
Uk2
}
, kq˜ik = R
q˜
i1
{
YbUk2
YtVk2
}
. (56)
Here U and V are the 2 × 2 unitary matrices diagonalizing the charged gaugino–
higgsino mass matrix [2, 30].
5. squark – squark – Higgs boson – Higgs boson
(a) squark – squark – H− – Hk (k=1,2)
Gˆb˜5k = (Gˆ
t˜
5k)
T =
g2
2
√
2m2W
(
m2tSk +m
2
bTk 0
0 2mtmb
sin 2β
Vk
)
(57)
with
Sk = (cosα cos β/ sin
2 β, sinα cos β/ sin2 β) (58)
Tk = (− sinα sin β/ cos2 β, cosα sin β/ cos2 β) (59)
Vk = (sin(β − α), cos(β − α)) (60)
(b) squark – squark – H− – H+
Gˆq˜55 =


−
{
h2b sin
2 β
h2t cos
2 β
}
0
0 −h2q
{
cos2 β
sin2 β
}

 (61)
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(c) squark – squark – H− – G+
Gˆq˜56 = −
g2
2m2W


{ −m2b tan β
m2t cot β
}
0
0 m2q
{
cot β
− tanβ
}

 (62)
(d) squark – squark – G− – Hk (k=1,2,3)
Gˆb˜6k = (Gˆ
t˜
6k)
T =
g2
2
√
2m2W
(
m2t SGk +m
2
b TGk 0
0 2mtmb/ sin 2β V Gk
)
(63)
with
SGk = (cosα/ sinβ, sinα/ sinβ i cot β) (64)
TGk = (sinα/ cosβ, − cosα/ cos β i tanβ) (65)
V Gk = (− cos(β − α), sin(β − α) − i) (66)
(e) squark – squark – Hk – Hk (k=1,2,3)
Gˆt˜kk =

 −g
2
2m2
W
m2t D1k 0
0 −g
2
2m2
W
m2t D1k

 (67)
with
D1k = (sin
2 α/ sin2 β, cos2 α/ sin2 β, cot2 β) (68)
Gˆb˜kk =

 −g
2
2m2
W
m2b D2k 0
0 −g
2
2m2
W
m2b D2k

 (69)
with
D2k = (cos
2 α/ sin2 β, sin2 α/ sin2 β, tan2 β) (70)
(f) squark – squark – H0 – h0
Gˆb˜12 =


−g2m2
b
sin 2α
4m2
W
D2 0
0
−g2m2
b
sin 2α
4m2
W
D2

 (71)
with D2 = −1/ cos2 β
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Gˆt˜12 =

 −g
2m2t sin 2α
4m2
W
D1 0
0
−g2m2t sin 2α
4m2
W
D1

 (72)
with D1 = −1/ sin2 β
(g) squark – squark – A0 – G0
Gˆb˜35 =


−g2m2
b
sin 2β
4m2
W
D2 0
0
−g2m2
b
sin 2β
4m2
W
D2

 (73)
Gˆt˜35 =


−g2m2
b
sin 2β
4m2
W
D1 0
0
−g2m2
b
sin 2β
4m2
W
D1

 (74)
Finally, we defineGˆq˜ji = Gˆ
q˜
ij , and also Gˆ
q˜
3(4)k = 0, when k=1,2,5, i.e. there are no
A0(G0)h0q˜q˜,A0(G0)H0q˜q˜, or A0(G0)H+q˜q˜ couplings.
Appendix B
We define q = t and b, q′ the SU(2)L partner of q, and q′′ = q for k = 1...4 and q′′ = q′
for k = 5, 6. Then we have
δm2W
m2W
=
g2
16π2m2W
[m2b +m
2
t −A0(m2t )−A0(m2b)−m2tB0 − (m2t −m2b)B1]
(m2W , mb, mt),
δm2Z
m2Z
=
3g2
8π2m2W
∑
q=t,b
{1
3
[(Iq3L − eq sin2 θW )2 + e2q sin4 θW ][2m2q − 2A0(m2q)−m2qB0]
−2m2qeq sin2 θW (Iq3L − eq sin2 θW )B0}(m2Z , mq, mq),
δZH− =
3g2
16π2
[(m2t cot
2 β +m2b tan
2 β)(m2H+G1 +B1 −m2tG0)− 2m2tm2bG0]
(m2H+ , mt, mb) +
3
16π2
∑
i,j
(Gt˜5)ij(G
t˜
5)ijG0(m
2
H+ , mt˜i , mb˜j ),
δZh0 =
3g2m2t cos
2 α
16π2m2W sin
2 β
(−2m2tG0 +B1 +m2hG1)(m2h0, mt, mt)
+
3g2m2b sin
2 α
16π2m2W cos
2 β
(−2m2bG0 +B1 +m2hG1)(m2h0, mb, mb)
19
+
3
16π2
∑
i,j
(Gt˜1)ij(G
t˜
1)ijG0(m
2
h0 , mt˜i , mb˜j ),
δZH0 =
3g2m2t sin
2 α
16π2m2W sin
2 β
(−2m2tG0 +B1 +m2HG1)(m2H0 , mt, mt)
+
3g2m2b cos
2 α
16π2m2W cos
2 β
(−2m2bG0 +B1 +m2HG1)(m2H0 , mb, mb)
+
3
16π2
∑
i,j
(Gt˜2)ij(G
t˜
2)ijG0(m
2
H0
, mt˜i , mb˜j ),
δZA0 =
3g2m2t cos
2 α
16π2m2W sin
2 β
(−2m2tG0 +B1 +m2hG1)(m2A0 , mt, mt)
+
3g2m2b sin
2 α
16π2m2W cos
2 β
(−2m2bG0 +B1 +m2hG1)(m2A0 , mb, mb)
+
3
16π2
∑
i,j
(Gt˜3)ij(G
t˜
3)ijG0(m
2
A0 , mt˜i , mb˜j ),
THk =
−3gm2t
8π2mW sin β
A0(m
2
t ) +
−3gm2b
8π2mW cos β
A0(m
2
b)−
∑
q=t,b
∑
j
(Gq˜k)jjA0(m
2
q˜j
)},
ΣGH = − 3g
2
16π2m2W
(m2t cot β −m2b tanβ)(m2tB0 + A0(m2b) +m2H+B1) +m2tm2b(tanβ
− cot β)B0(m2H+ , mt, mb) +
−3
16π2
∑
j,l
(Gt˜5)jl(G
t˜
6)ljB0(m
2
H+ , mt˜l , mb˜j)
+
3
16π2
∑
q=t,b
∑
j
i(Gq˜56)jjA0(m
2
q˜j
),
δmt
mt
=
1
16π2
6∑
k=1
[
mt′′
mt
atka
t′′
k B0 −
1
2
(atkb
t′′
k + b
t
ka
t′′
k )B1](m
2
t , mt′′ , mHk)
+
g2
16π2
4∑
k=1
∑
j
[
mχ˜0
k
mt
at˜jkb
t˜∗
jkB0 +
1
2
(|at˜jk|2 + |bt˜jk|2)(B0 +B1)](m2t , mt˜j , mχ˜0k)
+
g2
16π2
2∑
k=1
∑
j
[
mχ˜+
k
mb
lb˜jkk
b˜
jkB0 +
1
2
(|lb˜jk|2 + |kb˜jk|2)(B0 +B1)](m2t , mb˜j , mχ˜+k ),
δm2t˜i =
1
16π2
{
6∑
k=1
∑
j
(Gt˜k)ij(G
t˜′′
k )jiB0(m
2
t˜i
, mt˜′′
j
, mHk)− 2g2
4∑
k=1
[(|at˜ik|2 + |bt˜ik|2)
×(m2t˜iB1 + A0(m2χ˜0k) +m
2
tB0) + 2mtmχ˜0kRe(a
t˜
ikb
t˜∗
ik)B0](m
2
t˜i
, mt, mχ˜0
k
)
−2g2
2∑
k=1
[(|lt˜ik|2 + |kt˜ik|2)(m2t˜′
i
B1 + A0(m
2
χ˜+
k
) +m2t′B0)
+2mt′mχ˜+
k
Re(lt˜ikk
t˜∗
ik)B0](m
2
t˜i
, mt′ , mχ˜+
k
)},
δZt˜i =
1
16π2
{
6∑
k=1
∑
j
(Gt˜k)ij(G
t˜′′
k )jiG0(m
2
t˜i
, mt˜′′
j
, mHk) + 2g
2
4∑
k=1
[(|at˜ik|2 + |bt˜ik|2)
20
×(B1 +m2t˜iG1 −m2tG0)− 2mtmχ˜0kRe(a
t˜
ikb
t˜∗
ik)G0](m
2
t˜i
, mt, mχ˜0
k
)
+2g2
2∑
k=1
[(|lt˜ik|2 + |kt˜ik|2)(B1 +m2t˜′
i
G1 −m2t′G0)
−2mq′mχ˜+
k
Re(lq˜ikk
q˜∗
ik )G0](m
2
q˜i
, mq′ , mχ˜+
k
)},
ΣHh(p
2) =
−3g2m2t sin 2α
32π2m2W sin
2 β
[(2m2tB0 + p
2B1)(p
2, mt, mt) + A0(m
2
t )]
+
3g2m2b sin 2α
32π2m2W cos
2 β
[(2m2bB0 + p
2B1)(p
2, mb, mb) + A0(m
2
b)]
+
3
16π2
∑
q
∑
i,j
(Gq˜1)ji(G
q˜
2)ijB0(p
2, mq˜j , mq˜i)
+
3i
16π2
∑
q
∑
i
(Gq˜12)iiA0(mq˜i)
δZH0h0 =
ΣHh(h
2
0)
m2H0 −m2h0
, δZh0H0 =
ΣHh(H
2
0 )
m2h0 −m2H0
Σt˜12(p
2) =
1
16π2
{
6∑
k=1
∑
j
(Gt˜k)1j(G
t˜′′
k )j2B0(p
2, mt˜′′
j
, mHk)− 2g2
4∑
k=1
[(at˜1ka
t˜∗
2k + b
t˜
1kb
t˜∗
2k)
×(p2B1 + A0(m2χ˜0
k
) +m2tB0) +mtmχ˜0k(a
t˜
1kb
t˜∗
2k + a
t˜∗
2kb
t˜
1k)B0](p
2, mt, mχ˜0
k
)
−2g2
2∑
k=1
[(lt˜1kl
t˜∗
2k + k
t˜
1kk
t˜∗
2k)(p
2B1 + A0(m
2
χ˜+
k
) +m2t′B0)
+mt′mχ˜+
k
(lt˜1kk
t˜∗
2k + l
t˜∗
2kk
t˜
1k)B0](p
2, mt′ , mχ˜+
k
)},
δθt˜ + δZ
t˜
21 =
1
2(m2
t˜1
−m2
t˜2
)
[Σt˜12(m
2
t˜2
)− Σt˜12(m2t˜1)],
ΠLij(p
2) = − 3
16π2
2∑
k=1
[lt˜kil
t˜
kjB1(p
2, mb, mt˜k) + k
b˜
kik
b˜
kjB1(p
2, mt, mb˜k)],
ΠRij(p
2) = − 3
16π2
2∑
k=1
[kt˜kik
t˜
kjB1(p
2, mb, mt˜k) + l
b˜
kil
b˜
kjB1(p
2, mt, mb˜k)],
ΠS,Lij (p
2) =
3
16π2
2∑
k=1
[mbk
t˜
kil
t˜
kjB0(p
2, mb, mt˜k) +mtl
b˜
kik
b˜
kjB0(p
2, mt, mb˜k)],
ΠS,Rij (p
2) =
3
16π2
2∑
k=1
[mbl
t˜
kik
t˜
kjB0(p
2, mb, mt˜k) +mtk
b˜
kil
b˜
kjB0(p
2, mt, mb˜k)].
Here A0 and B1 are one- and two-point Feynman integrals[20], respectively, and
G1 = ∂B1/∂p
2,G0 = −∂B0/∂p2.
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Figure 1: Feynman diagrams contributing to supersymmetric electroweak corrections
to t˜2 → t˜1Hi: Hi, i=1,2,3 correspond to h0, H0, A0. (a) is tree level diagram; (b)−(f)
are one-loop vertex corrections. In diagram (b) q = t for k = 1...4 and q = b for
k = 5, 6. In diagram (d) and (e) q = t for k = 1, 2 and q = b for k = 5, 6. In diagram
(f), q = b, t
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Figure 2: Feynman diagrams contributing to renormalization constants. In diagram
(i) q = t(b) for k = 1...4 and q = b(t) for k = 5, 6. In diagram (f) (g) (h) i = j = 1, 2, 3
or i = 1, j = 2
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Figure 3: The tree-level decay width (a) of t˜2 → t˜1h0 and its Yukawa corrections (b)
as functions of mt˜1 for tan β = 4, 10, and 30, respectively, assuming mA0 = 150GeV,
µ = M2 = 200GeV, At = Ab = 600GeV and MQ˜ = 1.5MU˜ = 1.5MD˜.
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Figure 4: The tree-level decay width (a) of t˜2 → t˜1H0 and its Yukawa corrections (b)
as functions of mt˜1 for tan β = 4, 10, and 30, respectively, assuming mA0 = 150GeV,
µ = M2 = 200GeV, At = Ab = 600GeV and MQ˜ = 1.5MU˜ = 1.5MD˜.
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Figure 5: The tree-level decay width (a) of t˜2 → t˜1A0 and its Yukawa corrections (b)
as functions of mt˜1 for tan β = 4, 10, and 30, respectively, assuming mA0 = 150GeV,
µ = M2 = 200GeV, At = Ab = 600GeV and MQ˜ = 1.5MU˜ = 1.5MD˜.
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Figure 6: The tree-level decay width (a) of t˜2 → t˜1h0 and its Yukawa corrections (b)
as functions of mA0 for tanβ = 4, 10, and 30, respectively, assuming mt˜1 = 200GeV,
µ = M2 = 200GeV, At = Ab = 600GeV and MQ˜ = 1.5MU˜ = 1.5MD˜.
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Figure 7: The tree-level decay width (a) of t˜2 → t˜1H0 and its Yukawa corrections (b)
as functions of mA0 for tanβ = 4, 10, and 30, respectively, assuming mt˜1 = 200GeV,
µ = M2 = 200GeV, At = Ab = 600GeV and MQ˜ = 1.5MU˜ = 1.5MD˜.
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Figure 8: The tree-level decay width (a) of t˜2 → t˜1A0 and its Yukawa corrections (b)
as functions of mA0 for tanβ = 4, 10, and 30, respectively, assuming mt˜1 = 200GeV,
µ = M2 = 200GeV, At = Ab = 600GeV, and MQ˜ = 1.5MU˜ = 1.5MD˜.
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Figure 9: The tree-level decay width (a) of t˜2 → t˜1H0i and its Yukawa corrections
(b) as functions of µ, assuming tanβ = 30, mt˜1 = 250GeV, M2 = 100GeV, At =
250GeV ,Ab = −250GeV, mA0 = 150GeV and MQ˜ = 1.5MU˜ = 1.5MD˜.
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Figure 10: The decay width of t˜2 → t˜1H0i as a function of mt˜2 , assuming tan β =
3,cos θt˜ = 0.26, mt˜1 = 250GeV, µ = 550GeV,mg˜ = 600GeV, At = Ab, mA0 = 150GeV
andMD˜ = 1.12MQ˜. The solid lines correspond to the Yukawa-corrected decay widths,
The dashed lines correspond to the tree-level decay widths.
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Figure 11: The decay width of t˜2 → t˜1H0i as a function of mA0 , assuming tan β =
3,cos θt˜ = 0.26, mt˜1 = 250GeV, µ = 550GeV, mg˜ = 600GeV, At = Ab and
MD˜ = 1.12MQ˜. The solid lines correspond to the Yukawa-corrected decay widths,
The dashed lines correspond to the tree-level decay widths.
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Figure 12: The Yukawa corrections of t˜2 → t˜1H0 as a function of tan β, assuming
mt˜1 = 250GeV, M2 = 200GeV, At = Ab = 900GeV, µ = 200GeV, mA0 = 150GeV
and MQ˜ = 1.5MU˜ = 1.5MD˜. The dotted line corresponds to the corrections using the
on-shell parameters; the dashed line corresponds to the corrections using the running
parameters mˆt(Q), mˆb(Q), Aˆt, and µˆ; the solid line corresponds to the corrections
using the same running parameters except the running µˆ; the dashed-dotted line to
the improved result only using the running mass mˆt(Q); and the dash-dot-doted line
to the improved result only using the running mass mˆb(Q).
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